Aims and objectives. To investigate the relationship between fertility decisions, to have already had a child or to desire to have one in the future, and the prognostic factors; access to antiretrovirals, the time since these became widely available (year of the study); and relationship status. Background. There have been significant advances in the treatment of human immunodeficiency virus with the advent of antiretroviral therapy which has been used to successfully reduce the rate of mother to child transmission; leading researchers to hypothesise that human immunodeficiency virus-positive women may desire to have children more so now than in the past. However, this topic is often not discussed in healthcare consultations. Design & Methods. A systematic search was conducted on Cumulative Index of Nursing and Allied Health Literature and Medline, using the key terms 'fertility decisions' and 'human immunodeficiency virus positive'. A meta-analysis of proportions and a meta-regression were conducted using a random-effects model and a logit transformation to normalise the data. Heterogeneity was assessed using Q, I 2 and R 2 values, and p-values were produced for each regressed variable.
Introduction and background
Following isolated case reports of the rare conditions Pneumocystis carinii (now known as Pneumocystis jirovecii) pneumonia and Kaposi sarcoma in otherwise healthy young men in 1981, a new syndrome acquired immunodeficiency syndrome' (AIDS) was recognised (Fauci 2008) . However, the causative agent remained unknown until 1983 when the human immunodeficiency virus (HIV) was officially identified (Stine 2007) . Since then, HIV has evolved from a death sentence to a manageable lifelong condition, in large part thanks to the advent of combination therapy (also known as highly active antiretroviral therapy or HAART; Adler et al. 2012) .
Originally conceptualised as a disease singularly affecting men who engage in sex with men (Altman 1998) , it is estimated that women now constitute 51% of global infections (UN Women 2016). Furthermore, according to the World Health Organisation (WHO 2016) , more than half of these cases are accounted for in women of childbearing age meaning that a significant method by which HIV can be spread is through the vertical transmission from mother to child (WHO 2016) . Therefore, in conjunction with the Joint United Nations Programme on HIV/AIDS (UNAIDS 2015), a Global Plan was launched in 2011 to eliminate new infections amongst children by 2015. Whilst the outcomes of this plan have not been as far reaching as was originally hoped, substantial progress has been made, for example the WHO validated Cuba as the first nation in the history of the virus to eliminate MTCT (WHO 2015) , and in the UK, it is reported that rates of transmission are <1% thanks to successful antenatal screening programmes, timely commencement on HAART, education to avoid breastfeeding and planned Caesarean delivery when necessary (Terrence Higgins Trust 2015) .
Although successful initiation of HAART has removed the immediate fear of death for most people with HIV, a significant issue in the persistence of MTCT is the stigma associated with HIV, whereby an individual is blamed or shamed for an illness which is perceived as largely preventable (Deacon 2006). As such, HIV-positive women can be said to suffer stigmatisation because HIV maintains strong links to sexuality (Anderson et al. 2008) and therefore is often associated with promiscuous or 'loose moral' behaviour (Turan & Nyblade 2013) . Infected women have also been described as suffering from multiple levels of stigmatisation based not only on their diagnosis but also as a result of sexism which is thought to significantly increase their vulnerability as these factors can limit access to health care in some countries (Logie et al. 2011) . HIV-positive women who choose to start a family have been perceived as irresponsible parents due to the risk of vertical transmission (Levine & Dubler 1990) . These attitudes are not restricted to the general population; there is evidence to suggest that healthcare professionals across the world, including in high-income countries, are also prejudiced to HIV-positive women due to their perceived immoral life choices (Nyblade et al. 2009) .
Given the positive impact that HAART has had on the prognosis of HIV and the success in preventing MTCT (Terrence Higgins Trust 2015) , it is thought that many women may be reconsidering their options regarding relationships and fertility (Loutfy et al. 2009 ). However, the stigma surrounding HIV-positive women conceiving can be shown to have endured, as a meta-synthesis of the literature by Sandelowski et al. (2004) found 20% of women continued to experience 'pressure not to reproduce'.
Even prior to the introduction of HAART in 1996, Zidovuine was licensed for use with both mothers and their infants in 1994, which effectively reduced the risk of vertical transmission from 25-8% (Tuuli et al. 2011) . Since then, HAART and education programmes to avoid breastfeeding as well as planned caesarean section deliveries are thought to have reduced this risk even further to be <1% in the UK (Maartens et al. 2014) . This is because HIV is transmitted via the exposure of mucous membranes to infected bodily fluids, notably blood and cervical secretions, and can occur at any point between a mother and child during pregnancy, labour, childbirth and breastfeeding, with the highest risk being during delivery (Adler et al. 2012) . Therefore, as the viral load in the mothers' plasma decreases, so does her infectiousness and in turn the risk of infection for the infant (Padian et al. 2011) .
Before the introduction of routine antenatal testing for HIV in the UK, it was estimated that in 1999, 380 infants were born to HIV-infected mothers of whom 70% were unaware of their status (Zulueta & Boulton 2007) . This public health initiative to identify HIV in early pregnancy is generally understood to have been a treatment as prevention policy success because it has led to an increase in diagnoses as well as treatment (Zulueta & Boulton 2007) which is significant as the majority of HIV diagnoses in the developed world, as defined by The World Bank (2016), are made late in disease progression (Kozak et al. 2013) .
In order to provide effective reproductive counselling to HIV-positive women, it is important to have an understanding of what proportion of this population may desire to have children and what factors may affect their decision to do so. A greater knowledge of the factors which influence these reproductive decisions will allow healthcare professionals to cater the care they deliver to individuals dependent on their circumstances. Also, this will allow for the more appropriate allocation of resources at an institutional level, for example when planning public health policies. This is significant because annually women are thought to comprise 22% of new infections in Europe and North America and 56% of new infections in the global epicentre of the disease, sub-Saharan Africa (UN Women 2016).
Objectives
Therefore, this literature review aims to inform this by examining studies that have looked at women's wishes and decision making around fertility, in particular, the proportion of women who want children; the proportion of women who have had children in relation to their access to HAART; and any association between these and the year in which the study was conducted and relationship status. This has been done in order to investigate the potential effect over the years since HAART was first licensed for use, to the present day when increasingly high-quality drugs with fewer side effects are available to a greater number of individuals (Fauci 2008). Furthermore, relationship status was included in the analysis because previous literature reviews have suggested that spousal attitude to children has a significant influence on HIVpositive women's desire to have children, or decision to have had children with that partner in the past (Nattabi et al. 2009 ). As access to health care is more equitable and often more affordable for women in high-income countries (Garimoi Orach 2009), this review will focus on research conducted in North America and Europe only.
Methodology Eligibility criteria
Study design Primary quantitative research was selected, including surveys, cross-sectional surveys and one mixed methods design. Qualitative papers were excluded.
Participants and setting
The aims and objectives of the review pertained to adult female human subjects exclusively and only research conducted in high-income countries was considered, which in this case equated to studies from North America and Europe. The definition of high-income countries was sourced from The World Bank (2016) as areas with a gross national income per capita of $12,736 or more.
Year and language
The articles accessed were published after 1996 and written in English, because this was the year when HAART became widely available in developed countries, and there were not the resources available to translate articles written in another language.
Information sources
A systematic search was conducted on two electronic databases, Medline and the Cumulative Index of Nursing and Allied Health Literature (CINAHL) between 1996-2015. So as to maintain the relevance of the articles retrieved to the research question, the searches on both databases were limited using the same inclusion and exclusion criteria.
Search strategy
Two key terms were identified, 'reproductive choices' and 'HIV positive'. See Table S1 in the Supporting information for full search details. Both the subheading and free text keywords were used in CINAHL, whereas in Medline only the equivalent MeSH terms were used. Truncation was used to increase the number of articles retrieved from one key term by adding an asterisk to replace the suffix of the word (Glasper & Rees 2013). The Boolean operator 'OR' was used to combine the results for each variation of the key term to amplify the number of results by including those results which were tagged with multiple keywords. Then, the Boolean operation 'AND' was used to combine the two keyword searches to limit and refine the results.
Study selection
Duplicates were excluded as well as those from which sufficient data could not be extracted and those that were conducted in low-income countries or investigated both men and women. A summary of the final 12 studies analysed can be seen in Table 1 .
Risk of bias
A risk of bias appraisal was completed on all 12 of the studies analysed, the results of which can be seen in Table S2 (see Supporting information), using an adapted version of the Cochrane Risk Of Bias Assessment Tool: for Non-Randomized Studies of Interventions (ACRO-BAT-NRSI; Higgins & Green 2011). The 'risk of bias in measurements of interventions' was replaced with the 'risk of bias in measurements of observations', and the domain of 'bias due to departure from intended interventions' was discounted entirely as there is no equivalent alternative, which would be applicable for descriptive studies (Table 2) . Table S2 in Supporting information.
Data extraction
Data were extracted regarding: the geographic location of the research, year of publication, the total number of participants, the number of participants who desired to have children, the number who already had children, the number of participants on HAART and the number of participants married to or cohabiting with a partner. Women were included as wanting children both if they were actively trying to become pregnant at the time of the study and if they expressed a desire to become pregnant at some point in the future. Furthermore, fertility was identified as women having given birth to one or more living children at any point in the past and as such women who were pregnant at the time of the study had suffered a miscarriage or chosen to have an abortion were not counted in this category. Papers were checked for meeting the inclusion criteria, and data were independently extracted by both authors and differences checked together against the papers.
Analysis
Data were analysed using the metaprop and metareg functions in the R package meta (Schwarzer 2015 , R Core Team 2016 and rma.uni in the metafor package (Viechtbauer 2015) . In addition to calculation of the pooled proportions, the individual proportions of women who had already had children in the past and then women who wanted children in the future were regressed against the chosen explanatory variables.
Results
The total number of studies retrieved was 2096, of which 12 met the criteria for inclusion. Full details of the selection process are shown in the PRIMSA flow diagram in Fig. S1 of the Supporting information. The total proportion of women who already had at least one child was 74% (95% CI 64-83%, df = 11, p = <0Á0001). However, there was also a significant heterogeneity in this analysis with an I 2 of 97%, which was also statistically significant (Q = 421Á64, p < 0Á0001) suggesting variation between the studies. The forest plot for this is shown in Fig. 1 . The meta-regression of proportion of women who already had at least one child against the proportion on HAART produced a statistically significant relationship of À1Á4474 (95% CI À2Á7067 to À0Á1881, p = 0Á0243). The proportion of women on HAART explained the majority of this heterogeneity (between studies variance) with an R 2 of 83%; however, the I 2 remained high at 83%. The meta-regression of proportion of women with a child against the proportion of women who wanted a child in the future, suggesting that they were willing to repeat the birthing experience, also produced a significant relationship of À2Á1162 (95% CI À3Á2616 to À0Á9707, p = 0Á0003). This also explained some of the heterogeneity (R 2 = 83,
The meta-regression of the proportion with a child against the proportion of women cohabiting likewise produced a significant relationship of 2Á6915 (95% CI 1Á0220-4Á3610, p = 0Á0016). However, the meta-regression of the proportion of women with a child against the year of the study produced a nonsignificant result, with a relationship of À0Á0340 (95% CI À0Á1024 to 0Á0344, p = 0Á3299).
There is therefore some evidence that the factors of HAART, a desire to have more children and cohabiting with a partner do have a relationship with HIV-positive women's decision to have had children in the past: the former two variables being correlated negatively and the latter being correlated positively. However, no relationship was found between the year of the study and women having made the decision to have children. The total proportion of women who reported a desire to have a child at some point in the future was 42% (95% CI 31-53%, df = 11, p = <0Á0001). However, there was a significant amount of heterogeneity, with an I 2 of 97%, which was also statistically significant (Q = 383Á4, p < 0Á0001). The forest plot for this is shown in Fig. 2 . The metaregression of proportion of women wanting a child against the proportion on HAART produced a nonsignificant relationship of À1Á1827 (95% CI À4Á7788 to 2Á4135, p = 0Á5192); therefore, the proportion of women on HAART explained none of the heterogeneity with an R 2 of 0Á00% and a residual I 2 of 98%. The meta-regression of the proportion wanting a child against the proportion of women who already had at least one child also produced a nonsignificant relationship of 0Á0005 (95% CI 0Á0047-0Á0056, p = 0Á8616) and also did not explain any of the heterogeneity (R 2 = 0Á00%, I 2 = 98%). The meta-regression of proportions wanting a child against the proportion of women cohabiting (À0Á7001, 95% CI À4Á6261 to 3Á2258, p = 0Á7267) and the regression against the year of the study (0Á0230, 95% CI À0Á1466 to 0Á1925, p = 0Á7905) both produced nonsignificant relationships which likewise did not explain the heterogeneity (I 2 = 98%, R 2 = 0Á00).
The funnel plots (see Supporting information) in Figs S2 and S3 display a scatter plot of the proportional estimates from the individual studies included in the review against the standard error of those studies (Higgins & Green 2011). Funnel plots have been generated to assess publication bias as the effect estimates from smaller studies will scatter more widely at the bottom of the graph, so that in the absence of bias the plot should approximately resemble an inverted funnel (Higgins & Green 2011), although there is some asymmetry as it is not possible to ascribe this to publication bias directly.
Discussion
This review found that overall 42% of women with HIV intend to have children in the future, and 74% have already had at least one child in the past. This has implications for clinicians and health services; the former must ensure that consideration of this forms part of the assessment of women who can have children and the latter need to consider how services to enable this might best be provided. This is significant because there is evidence that this is not currently done in many cases leaving many women with inadequate support (Finocchario-Kessler et al. 2012a) .
Although it was hypothesised that the desire to have children might be positively affected by: year, with desire increasing over time; the availability of HAART; the proportion of women cohabiting, and already having had a child, none of these factors were statistically significant. Therefore, there is no evidence that any of the factors investigated in this metaregression have any influence on HIV-positive women's desire to have children in the future and they cannot be used to predict reproductive decision making. There was a statistically significant relationship between HAART availability and having had children in the past; however, the clinical significance of this is unclear and it is not known how many of these children were conceived before the woman became infected. Furthermore, the results are complicated by the significant heterogeneity in all analyses which were not explained well by any of the models tested.
In the analysis examining the proportion of women who had already had at least one child, the proportion on HAART, those who wanted to have children in the future and the proportion cohabiting were all statistically significant variables. Only the year was not significant, with this predictor variable being negative. However, as this analysis is retrospective in terms of intention to have had children in the past, limited conclusions can be drawn. Furthermore, there were high levels of heterogeneity in all analyses suggesting that it is not possible to predict which women might want a child based on the group-level characteristics investigated here making it essential that all involved in the care of women with HIV consider fertility issues in their assessment.
One possible explanation for these findings that emerged from the individual studies analysed is that the desire to have children is related to being of a younger age. However, age was not included in this review because it was not possible to extract these data in a consistent manner for every study. Furthermore, the use of mean age as a predictive factor in meta-analyses may lead to a unit of analysis error if it is used to make inferences regarding individuals. It is also important to consider a recent study by Laar et al. (2015) which suggests that in fact childbearing desire is higher in older HIV-positive women who may feel that their time to have children is running out.
A significant theme found in most of the research retrieved from the search is that it was conducted largely in sub-Saharan Africa which, whilst being the epicentre of the global HIV epidemic (AVERT 2015), this may not be generalisable to high-income countries. This is thought to be largely due to the inherent differences in social and economic infrastructure which makes the distribution of health care less equitable in those countries (Garimoi Orach 2009) contributing to their higher fertility rates. Further to this, there are differences in the nature of the epidemic and levels of stigmatisation of certain high-risk groups, such as sex workers and intravenous drug users (AVERT 2016). However, although at group level the access to health services is more comprehensive in high-income countries, in certain places, inequality persists. For example, Squires et al. (2011) identified the inequalities present in the American private healthcare system which are such that poverty and lack of adequate medical insurance often hinders HIVpositive women's access to health care and therefore to HAART. Consequently, the fact that this review considered only studies conducted in high-income countries means that whilst it can be said to have gone some way to account for the heterogeneity, there are many socio-economic variables which remain unaccounted for.
An interesting observation that was made in all of the studies which may add to the influence of extraneous socioeconomic factors was the effect of ethnicity on women's reproductive decision making. This factor was not analysed in this review as it was not possible to extract data on ethnicity from all the studies included; however, the majority conclude that immigrant women from African countries in particular have a greater desire to have children than other participants. This is explained by Loutfy et al. (2009) and Badell et al. (2012) as being the result of a cultural significance that childbearing and motherhood may hold for women of African origin as opposed to women of Northern European or North American origin. This is significant because even though this review has aimed to account for the effects of cultural differences between high-and lowincome countries, the fact that the majority of the participants in the majority of the studies, excluding Wessman et al. (2015) , were either African American or immigrants from lower income countries, may in fact mean that cultural differences between the participants have not been accounted for. Whilst it is important to understand that in a modern secular society, cultural diversity is the norm, it must also be considered that large populations of immigrants often form subcultures within their new countries that promote different values and health beliefs from those of the dominant culture (Andrews et al. 2008) .
Only one study, conducted in the UK by Cliffe et al. (2011) , found a strongly positive relationship between increased access to HAART and a desire to have children which was described as 41% of the participants having changed their mind regarding their original reproductive choices on diagnosis following advances in HIV care. However, Sowell et al. (2002) identified that in fact being asymptomatic of HIV or experiencing low levels of symptoms was correlated with an increased desire to have children. Additionally, Stanwood et al. (2007) identified that a higher CD4 + count and not being on HAART was similarly correlated to an increased desire to have children. Therefore, it may be more accurate to postulate that living well with HIV has more of an influence on fertility desire than the diagnosis of the disease or its treatment does.
Furthermore, Hernando et al. (2014) states that the factors associated with HIV-positive women's reproductive decision making are not significantly different from the general population's, and that actually having children can help these women to cope with the stigma and the adverse consequences of living with HIV. As such, one of the statistically significant findings of this review was that being in a cohabiting partnership or marriage was a predicator for having had at least one child at some point in the past. This finding is also replicated in the general population of the UK (Wellings et al. 2013) . Therefore, the assumption that HAART is the variable which has had the most significant impact on the fertility options that are now available to women may be a simplistic interpretation that accounts only for the medical aspects of the disease, not taking into account the patients perspective or the daily realities of living with the psychosocial impact that an HIV diagnosis can have on women (Steiner et al. 2013) .
The overarching conclusion from all the papers was that healthcare providers did not engage in gender sensitive conversations with women regarding their fertility and that when these conversations did occur they were not individualised or fulfilling for the patients (Finocchario-Kessler et al. 2010) . In fact, Finocchario-Kessler et al. (2010) reported that 56% of participants had unmet reproductive counselling needs and of those who had had counselling from their healthcare providers, 64% of the conversations were patient initiated. Furthermore, research has demonstrated that healthcare professionals do not feel confident initiating sensitive conversations both within the HIV clinical context (Finocchario-Kessler et al. 2010 ) and the wider healthcare system (Akers et al. 2010) .
Limitations of the review
The main limitation of this review is the generally low level of evidence, consisting mainly of cross-sectional studies, and the fact that only a relatively small number of studies included were conducted outside of the United States of America which may reduce generalisability. The use of different study designs in the meta-analysis may have had some effect on the results; also there was not consistent information about potentially important variables such as age and year of diagnosis that could explain some of the heterogeneity. As such, the high levels of heterogeneity which could not be explained by the variables tested make interpretation of the findings difficult.
Recommendations for future research
The findings of this review add to the findings of a previous meta-analysis by Berhan and Berhan (2013) , demonstrating a significant amount of evidence which has not found a relationship between future reproductive intentions and access to HAART. However, the findings demonstrated correlations between the decision to have had children in the past and the variables of access to HAART, being in a relationship and the intention to have children in the future.
The lack of predictive factors found suggests that further quantitative research in this area will not significantly add to the current body of knowledge on the subject. As such, it may be more productive to research the lived experience of HIV-positive women using qualitative thematic analysis to understand their perspectives. The studies presented here have identified some key themes which would be significant to investigate, such as the impact of ethnicity on the importance of motherhood as highlighted by Badell et al. (2012) , and the issues that healthcare professionals perceive as barriers to their initiating sensitive conversations with patients as highlighted by Finocchario-Kessler et al. (2010) .
Conclusion
This review has found that a high proportion of women with HIV wish to have children, although this is not predictable at the group levels studied here. Because having children is now a viable option for many women with HIV, and because none of the moderating variables studied here were reliable indicators of the desire to have children, this issue needs to be considered with all women of childbearing age.
The fact that no reliable prognostic factors could be identified in relation to fertility decisions may mean that the complexity of these decisions goes far beyond a diagnosis of HIV and is influenced by other more complex socioeconomic factors (Miralles et al. 2013) . A gap was identified in service provision whereby HIV-positive women may benefit from reproductive counselling, but do not always receive it. The findings presented here indicate that sensitive conversations should be initiated by healthcare professionals with all HIV-positive women of childbearing age, irrespective of their HAART status or personal situation. This conclusion is supported by the fact that before the era of HAART, women still desired to have children despite suffering from more AIDS defining illnesses and there being a much poorer prognosis for the condition (Levine & Dubler 1990) . Therefore, it may be said that whilst HIV-positive women are concerned about the risks of vertical transmission, it is not their only concern.
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